Medium flow rate regulates viability and barrier function of engineered skin substitutes in perfusion culture.
Perfusion culture of engineered tissues improves mass transfer of nutrients and provides flow-mediated mechanical stimulation to the developing constructs, thereby improving their anatomy and physiology in vitro. In this study, the responses to medium flow rate of engineered skin substitutes (ESS) incubated in perfusion at the air-liquid interface were investigated. ESS fabricated with autologous keratinocytes, fibroblasts, and collagen-glycosaminoglycan (GAG) sponges were incubated for 21 days at the air-liquid interface in a custom-built recirculating bioreactor system at flow rates of 5, 15, and 50 mL/min (n = 8 per condition). ESS were evaluated in vitro using histology, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, bromodeoxyuridine (BrdU) incorporation, and surface hydration. ESS incubated at 5 and 15 mL/min had histological organization comparable with that of control ESS incubated in static conditions. ESS incubated at 50 mL/min displayed a disorganized epidermal substitute and, at later time points in culture, showed greater degradation of the dermal scaffold. Cell viability measured using MTT assay was significantly higher in ESS incubated at 5 mL/min than in static controls at day 14 (mean +/- standard error of the mean 1.63 +/- 0.11 vs 1.30 +/- 0.14, p < 0.05) and day 21 (1.66 +/- 0.12 vs 1.11+/- 0.15, p < 0.05) of culture. Viability of ESS incubated at 15 mL/min was comparable with that of controls. ESS incubated at 50 mL/min had significantly lower viabilities than controls at all time points. Results of BrdU incorporation data showed that, although ESS incubated at 5 and 15 mL/min were comparable with controls, those incubated at 50 mL/min had fewer proliferating keratinocytes per high-power field than controls (2.77 +/- 0.48 vs 28.1 +/- 0.78, p < 0.05). ESS incubated at 5 mL/min had surface hydration comparable with that of controls, whereas those incubated at 15 mL/min and 50 mL/min had significantly higher surface hydration than static controls at all time points. ESS incubated at a 5 mL/min flow rate and transplanted onto full-thickness wounds on athymic mice demonstrated wound healing comparable with that of controls. From these results, it can be concluded that perfusion culture of ESS at lower flow rates increases cell viability and maintains an epidermal barrier suitable for grafting, whereas higher flow rates lead to deterioration of ESS anatomy and physiology in vitro.